The aim of this study is to investigate the usefulness of flexion-extension (dynamic) radiographs in evaluating the severity of disc degeneration and disc protrusion in cervical magnetic resonance image (MRI). Patients complaining of neck or arm pain with no prior surgical history and who had undergone both cervical MRI and dynamic radiographs were included in this study. The following patients were excluded: those who had any history of trauma, autoimmune disease such as rheumatoid arthritis or ankylosing spondylitis, prior cervical fracture or prior cervical spine surgery. Based on these criteria, 161 patients who visited our department for neck pain or upper extremity radicular symptoms were initially included retrospectively. Among them, 69 patients were excluded due to the lack of cervical MRI or dynamic radiographs. Therefore, a total of 92 patients were included for analysis in this study. The maximal diameter of disc protrusion in sagittal or axial MRI, the severity of cervical disc degeneration, and segmental horizontal displacement in dynamic cervical radiographs are the main outcome measurements. In the results of this study, the extension radiograph of C5/6 had the highest sensitivity (93.33%) and specificity (100%) in predicting cervical disc protrusion followed by C4/5 (sensitivity; 77.28%, specificity 92.86%) among the dynamic radiographs. Segmental horizontal displacement at the C3/4, C4/5, and C5/6 level in the neutral and extension radiographs had a significant correlation with the severity of cervical disc degeneration in MRI (P < .05). At the C6/7 level, however, only extension radiograph had a significant correlation with the severity of cervical disc degeneration in the MRI (P < .05). In conclusion, if MRI is not available in a primary clinical setting, dynamic cervical radiographs may be useful in predicting the severity of degenerative disc and disc protrusion in cervical MRI. Among the dynamic cervical radiographs, the extension radiograph was the most sensitive for predicting the severity of cervical disc degeneration and disc protrusion, especially at the C3/4, C4/5, C5/6, and C6/7 levels in MRI.
Introduction
The intervertebral disc forms a fibro-cartilaginous joint between the vertebrae and consists of 3 distinct components, including the nucleus pulposus, the annulus fibrosis, and the cartilaginous endplates. [1] In intervertebral discs, progressive morphologic and cellular changes occur with age and degeneration. [2, 3] Magnetic resonance imaging (MRI) can provide a noninvasive morphologic evaluation of the cervical spine and intervertebral disc. [4] Especially in T2-weighted MRI, progressive degenerative changes of the intervertebral disc can be observed in accordance with the reduction of signal intensity. [5] In clinical practice, however, MRI has a problem as a routine examination due to its high cost compared to its advantages in diagnosing cervical disc diseases, such as radiculopathies. On the contrary, upright anterioposterior (AP) and neutral lateral radiographs are routinely obtained for the evaluation of the cervical spine in clinical practice. [6] However, those radiographs are less useful compared to MRI in diagnosing cervical disc diseases. While the usefulness of flexion-extension radiographs in the evaluation of the spine trauma patient is well accepted, [7, 8] the role of dynamic radiographs in nontrauma population has not been well defined thus far. [6] One previous study investigated the utility of flexion-extension radiographs in evaluating the degenerative cervical spine; however, the researchers investigated only the additional utility obtained from dynamic radiographs in detecting a listhesis compared with the neutral plain radiographs (segmental horizontal displacement). This study concluded that dynamic radiographs should no longer be regarded as a useful part of the initial imaging for patients with degenerative cervical disease. [6] Unlike the previous study, we hypothesized that the listhesis in dynamic cervical radiographs may be useful in predicting the severity of cervical disc degeneration and disc protrusion, because listhesis is a process of continuous change resulting from segmental instability in the spine after degenerative change in the cervical intervertebral disc. So, in this study, we investigated the possibility of cervical dynamic radiographs as a diagnostic tool for predicting the severity of cervical disc degeneration and disc protrusion.
Materials and methods

Patients
This study received Institutional Review Board approval. Among the patients who visited our department, those with axial neck pain or upper extremity radicular symptoms were investigated retrospectively. Patients who had undergone both cervical MRI and dynamic radiographs were included. The following patients were excluded: those who had any history of trauma, autoimmune disease such as rheumatoid arthritis or ankylosing spondylitis, prior cervical fracture or prior cervical spine surgery. Based on these criteria, 161 patients who visited our department for neck pain or upper extremity radicular symptoms between September 2013 and December 2016 were initially included. Among them, 69 patients were excluded due to the lack of cervical MRI or dynamic radiographs. Therefore, a total of 92 patients were included for analysis in this study (Fig. 1 ).
Image acquisition
Among the 92 patients included our study, 4 patients had undergone cervical MRI and dynamic radiography at another hospital. The remaining 88 patients' dynamic radiographs and cervical MRI were obtained by the following methods. AP and neutral lateral radiographs were taken with the patients in their natural posture. In addition, flexion-extension radiographs were taken by asking each patient to achieve his or her maximum effort at flexion and extension. The cervical MRI scans were performed with a 1.5-tesla (Avanto, Siemans, Germany) with gradients between 33 mT/m and 1 slew rate of 150T/ms. The protocol included the following: T1-weighted SE sagittal sequences with 400 milliseconds repetition time (TR), 7.4 milliseconds echo time (TE), 90 flip angle with a thickness of 3 mm; T2-weighted FFE sagittal sequences with 3500 milliseconds TR, 120 milliseconds TE, 90 flip angle with a 3 mm thickness; axial sequences on T2-weighted FFE 3D, 50 milliseconds TR, 12 milliseconds TE, 7 flip angle, 0.5 mm thickness.
Image analysis
All radiograph analysis was performed by 2 independent physiatrists who were blinded to the results of MRI evaluation. The digital radiographs were viewed using the preview program (INFINITT, Seoul, South Korea). [9] All measurements were made with digital measuring tools. In the dynamic radiographs, the presence of listhesis as well as the degree of listhesis was finally recorded. The listhesis was measured on these lateral radiographs as the AP distance from the posterior-inferior cortex of the upper vertebrae to the posterior-superior cortex of the inferior vertebrae. [6] A positive value indicated anterior displacement (anterolisthesis), whereas a negative value indicated posterior displacement (retrolisthesis) (Figs. 2-4) .
We used a slice in which the disc protrusion was most prominent in the sagittal or axial images and measured the maximal diameter of the protruding disc. [4] The posterior aspect line between the rostral and caudal vertebral body was used as the standard, and we measured the maximal diameter of the disc protrusion from the standard line to the posterior top of the disc protrusion. [4] The direction of disc protrusion was also classified as posterior protrusion and postero-lateral protrusion based on the direction of the maximally protruding disc. Posterior protrusion was defined if the angle between the direction of the maximally protruding cervical disc and the mid-line of vertebral body in the axial image was <45°. Postero-lateral disc protrusion was, if the angle between the direction of the maximally protruding cervical disc and the midline of the vertebral body in the axial image, >45°.
We also evaluated the degeneration of the intervertebral discs in the MRI. The severity of degeneration of the cervical disc was defined according to the modified Pfirrmann classification system, [10, 11] a range from 1 to 5. Measurement of the segmental displacement and the maximal diameter of the protruding disc was repeated to test the reliability of the measurements, and the interclass correlation coefficient (ICC) of each parameter for inter-and intra-rater reliability was calculated using SPSS software, version 22.0 (SPSS, Chicago, IL).
Statistical analysis
Statistical analysis was performed using the SPSS software, version 22.0 (SPSS). We determined the sensitivity, specificity, accuracy, negative predictive value, positive predictive value, and relative risk using 2 0 2 correlation tables by the segmental displacement in dynamic radiographs versus cervical disc protrusion in MRI. The Spearman correlation test was used to evaluate the correlation between the degree of segmental displacement in the dynamic radiographs and the severity of degenerative cervical disc and protrusion in the cervical spine MRI, and P < .05 was considered statistically significant.
Results
Reliability of the measurement
The ICC for intra-rater reliability was 0.89 ± 0.04 for segmental displacement, and 0.91 ± 0.05 for the maximal diameter of the protruding cervical disc. The ICC for inter-rater reliability was 0.87 ± 0.02 for segmental displacement, and 0.84 ± 0.04 for the maximal diameter of the protruding cervical disc. The following classification scheme was used for ICC: <0.40 = poor, 0.40 to 0.59 = fair, 0.60 to 0.74 = good, and >0.74 = excellent. [12, 13] Thus, the measurement method for these parameters was considered to be reliable.
Patient characteristics
We reviewed the medical records of 92 patients with an age range of 23 to 68 years (46.00 ± 11.81 years). Of these, 68 (73.9%) were males and 24 (26.1%) were females.
Dynamic radiograph analysis
In dynamic radiographs, an extension radiograph showed more listhesis (segmental horizontal displacement) compared to neutral and flexion radiographs. Among the extension radiographs, segmental displacement between C4/5 and C5/6 was more frequent than any other cervical disc levels ( Table 1 ). The average degrees of listhesis between C5 and 6 were 1.80± 0.65mm in neutral, 1.92± 0.85mm in extension, and 1.29± 0.27mm in flexion radiographs, respectively. The average degrees of listhesis in patients who had a listhesis between C7 and T1 vertebral body in neutral, extension, and flexion radiographs were 0mm, À0.48± 1.47mm, and À1.41mm, respectively ( Table 1) .
The average degree of listhesis in other levels is shown in Table 1 . 
MRI analysis
A total of 88 (95.7%) patients had a protruding cervical disc at more than one disc level. There was no patient with a protruding C2/3 disc, but 9 (39.13%) patients had a protruding C3/4 disc, 52 (56.52%) patients had a protruding C4/5 disc, 45 (65.22%) patients had a protruding C5/6 or C6/7 disc, and 2 (8.70%) patients had a protruding C7/T1 disc (Table 1) . Among the patients with a protruding C5/6 disc, 5 (33.33%) had a posteriorly protruding disc and 10 (66.67%) had a posterolaterally protruding disc ( Table 1) . The results of the other cervical levels are shown in Table 1 .
Relation between dynamic radiographs and findings in cervical MRI
In the Spearman correlation test, the extension radiograph tended to have more significant correlations with the maximal diameter of the protruding disc in the cervical MRI compared to neutral and flexion radiographs ( Table 2 ). In the neutral radiograph, only segmental displacement between C5 and C6 had a significant correlation with the maximal diameter of the C5/6 protruding disc in MRI (P < .05).
In the flexion radiograph, there was no segmental displacement which had a significant correlation with any cervical disc level in MRI. However, segmental displacement between C3/C4, C4/C5, and C6/C7 in the extension radiograph had significant correlations with the maximal diameter of the protruding disc in cervical MRI (P < .05) ( Table 2 ). In addition, the segmental displacement of C3/4, C4/5, and C5/6 in the neutral and extension radiographs had a significant correlation with the severity of the degenerative disc in cervical MRI (P < .05) ( Table 2 ). In C6/7, however, only extension radiographs had a significant correlation with the severity of the degenerative disc in cervical MRI (P < .05) ( Table 2 ).
Diagnostic utility
Among the dynamic radiographs, the segmental displacement of C5/6 in the extension radiograph had the highest sensitivity (93.33%) and specificity (100%) in predicting cervical disc protrusion followed by C4/5 (sensitivity; 77.28%, specificity 92.86%) ( Table 3 ). The other results of sensitivity, specificity, negative predictive value, positive predictive value, and relative risk are shown in Table 3 .
Discussion
It is generally accepted that the AP and neutral lateral radiographs of the cervical spine can be helpful in assessing the overall cervical morphology for patients presenting to the clinicians with cervical-related complaints. [6] The purpose of this study was to determine the potential incremental utility of dynamic cervical radiographs in predicting the severity of cervical disc degeneration and disc protrusion after excluding patients with recent history of trauma, prior surgery, rheumatoid arthritis, etc, for which the dynamic cervical radiographs had already been accepted as useful. To the best of our knowledge, the usefulness of flexion-extension radiographs in predicting the severity of degenerative cervical disc and protrusion in MRI has never been investigated. In this study, extension cervical radiographs tended to have higher sensitivity and specificity to cervical disc protrusion in MRI compared to neutral and flexion radiographs, especially at the C5/6, C3/4, C4/5, and C6/7 disc levels. Especially at the C5/6 disc level, the segmental displacement of extension radiographs had the highest sensitivity (93.33%) and specificity (100%). Moreover, the degree of segmental displacement in extension lateral radiographs had significant correlations with the maximal diameter of the protruding disc at the same level. These findings mean that the segmental displacement in extension radiographs may be useful for predicting a protruding cervical disc in C3/4, C4/5, C5/6, and C6/7 without MRI. However, the utility of other levels such as C2/3 and C7/T1 was less compared to other cervical disc levels. These findings may be because the region from C3 through C7, in contrast to C2 and T1, is bordered by a highly mobile upper cervical region which accommodates approximately half of all cervical motion. [14] Additionally, we found that the segmental displacement in dynamic radiographs also had significant correlations with the severity of disc degeneration in cervical MRI. Among the dynamic radiographs, extension radiographs had significant correlations with the severity of disc degeneration, especially in C3/4, C4/5, C5/6, and C6/7. These findings may suggest that disc degeneration also affects the incidence of segmental displacement in dynamic radiographs.
Cervical degeneration is a continual process consisting of 4 phases: dysfunction, disc degeneration, spondylosis, and stabilization. [14] In the presence of disc degeneration, the constant loading and unloading of the spine associated with normal motion can lead to progressive disc degeneration with consecutive loss of segment height. [14] These changes lead to increased mobility within the degenerated segments in the cervical spine and these segmental instabilities are aggravated in dynamic cervical motions. In addition, the soft tissues around the cervical spine, such as the posterior longitudinal ligament (PLL), also contribute to these segmental instabilities. The PLL lies behind the vertebral bodies, beginning from the occipital bone to the sacrum. [15] The PLL, which is composed of 2 layers, links up with the intervertebral disc at multiple levels. [16, 17] The normal biomechanical function of the PLL is believed to maintain the stability of the spine and prevent disc protrusion into the spinal canal. [18] In cases of degeneration, however, these functions of PLL can obviously be weakened because of the breakdown of the PLL's elasticity and tensile strength. [19] These biomechanical changes of the PLL are thought to cause a segmental displacement in dynamic radiographs along with a degenerative change of cervical disc. Moreover, tension on PLL can be increased by flexing the neck, which stretches PLL, in contrast to extending Table 2 Correlation coefficients between MRI findings of cervical disc and the degree of segmental displacement in dynamic radiographs. As the results of our study suggest, the extension radiograph is thought to be more sensitive in predicting protruding cervical disc and degenerative cervical disc in MRI compared with neutral or flexion radiographs. Previous research that investigated the additional usefulness of cervical dynamic radiographs compared to neutral radiographs could not demonstrate such usefulness in nontraumatic cervical disorders. [6] These results may be due to the definition of listhesis used in that study. In that study, listhesis was defined as a vertebral slip of >2 mm. So, segmental displacements <2 mm were not investigated. Since the definition of listhesis of the cervical spine is not consistent in previous studies, [12, 20] and listhesis is a process of continuous change resulting from segmental instability in the spine after degenerative change in cervical disc, slightly more precise measurement of displacement may be helpful in predicting accurately the severity of cervical disc and protrusion in MRI.
There were some limitations to the present study. First, we enrolled 92 patients with cervical disorders, which is too small a number to offer meaningful statistical significance. Additionally, we enrolled different individuals of various ages because this study was cross-sectional rather than longitudinal. However, the prevalence of cervical disc disorders was consistent with previous studies.
[ [21] [22] [23] [24] [25] [26] In other words, this study is of relevance as it suggests that the findings of the patients studied here should be able to be applied appropriately to other analogous populations with cervical disc disorders. Further studies that incorporate a higher number of participants and longitudinal periods will be needed to clarify this shortcomings.
Conclusion
If MRI is not available in a primary clinical setting, dynamic cervical radiographs may be useful in predicting the severity of degenerative disc and disc protrusion in cervical MRI. Among the dynamic cervical radiographs, extension radiographs are more sensitive for predicting the severity of degenerative disc and disc protrusion, especially at the C3/4, C4/5, C5/6, and C6/7 levels in cervical MRI. However, further evaluations are needed to facilitate additional treatment, although dynamic cervical radiography can be used to predict the severity of degenerative disc and disc protrusion. Table 3 Validity values for cervical dynamic radiographs in predicting the presence of cervical disc protrusion. 
